Al~tract--The trimethylsilyl derivative from halloysite was prepared by the reaction of halloysite powder with a trimethylsilylating reagent. The product was organophilic and the results of its infrared spectrum, X-ray powder diffraction pattern, and elemental analysis indicated that the trimethylsilylation occurred on silanol groups in the tetrahedral layer of halloysite after the acid decomposition of the octahedral layer. The thermal stability of the product was evaluated by means of differential thermal analysis. It was not possible to obtain the organic derivative from kaolinite by the same procedure. It is suggested that the differences in the reactivity between halloysite and kaolinite is due to the difference in susceptibility of the clay minerals to acid attack.
INTRODUCTION
Trimethylsilylation has been used for the synthesis of volatile derivatives from nonvolatile compounds (such as steroids and nucleosides) for the purpose of their gas-chromatographic analyses. However, trimethylsilylation is useful for the synthesis of organic derivatives from silicates, too. This reaction has been employed for studies of silicate structures and the analyses of their trimethylsilyl derivatives by gas chromatography have been reported (Lentz, 1964; Wu et al., 1970; Masson, 1970, 1971; Sharma et al., 1973; Currell et al., 1972) .
The syntheses of inorganic polymers retaining a Si2Os tetrahedral framework have been attempted by the reaction of phyllosilicate minerals with the trimethylsilylating reagent. Successful results in the preparation of sheetlike polymers from phyllosilicates have been reported by several workers (Frazier et al., 1967; Fripiat and Mendelovici, 1968; Linsky et al., 1971; Zapata et al., 1973) , who investigated the trimethylsilylation of chrysotile.
It is well known that halloysite is easily attacked by acid, so it can be expected that silanol groups which are generated by the acid decomposition of the octahedral layer in halloysite are trimethylsilylated when the trimethylsilylating reagent is present.
Trimethylsilylation of silanol groups can be expressed by the following formula:
This paper describes the possibility of the synthesis of the trimethylsilyl derivative from halloysite.
Organic interlamellar complexes of halloysite have been studied by several investigators. Carr and Chih (1971) have reported the preparation of the various organic complexes of halloysite with polar organic compounds. The general review by Theng (1974) summarizes most of the significant work on the preparation of organic complexes of halloysite. However, there have been no reports about the preparation of the trimethylsilyl derivative from halloysite.
EXPERIMENTAL Materials
Halloysite from New Park, Utah (USA), was used in this work. This sample was fully hydrated and was checked by X-ray powder diffraction. The ground material was passed with a 325 mesh screen. Hexamethyldisiloxane, 2-propanol, and concentrated hydrochloric acid which were used as the trimethylsilylating reagent were reagent grade chemicals.
Trimethylsilylation procedure
The halloysite powder (2.25 g) was added to the mixture of hexamethyldisiloxane (30 ml), 2-propanol (22.5 ml) and hydrochloric acid (22.5 ml). The reaction mixture was refluxed (ca. 75~ with stirring for 72 hr. The reaction mixture was cooled and the solid product was separated by filtration. The product was washed with 2-propanol and water once and followed by the further washing with acetone in a Soxhlet extractor for 3 hr.
Analyses
Infrared spectra were measured in KBr pellets with a Shimadzu IR-400 spectrometer. X-ray powder diffraction patterns were produced on a Shimadzu VD-11 diffractometer, using Ni filtered CuK~ radiation. Differential thermal analysis was carried out on a Shimadzu DT-20B. Sample weight was 5-10 rag, and ~-A1203 was used as a reference. The experiments were performed under a static air atmosphere at a heating rate of ca. 20~ RESULTS AND DISCUSSION The resultant material (1.05 g) was a white solid having organophilic and hydrophobic properties. Figure 1 Copyright 9 I979, The Clay Minerals Society .53
Kuroda and Kate shows the infrared spectra of the starting material, the trimethylsilylated product and the product from halleysite treated with concentrated hydrochloric acid. The spectrum of the trimethylsilylated product showed the characteristic bands attributed to trimethylsilyl groups and silicate framework (2960 cm -1 (v-CHa), 1260 cm -1 (8-CHa), 1050-90 cm -1 (v-Si-O-Si), 840 cm -1 and 750 cm -x (p-CH3)). X-ray powder diffraction patterns of (a) the original halloysite, (b) the trimethylsilylated product, and (c) the acid-treated halloysite are given in Figure 2 . (Figure 2b) indicates the formation of a new type organic derivative from halloysite and its structure seems to be lamellar. Because of the drastic experimental conditions, however, the original layer structure was wholly decomposed. The peak at 20 = 26.6 ~ (Figure 2b ) seemed to be due to the presence of a small amount of quartz. Table 1 gives the H and C analysis of the product and calculated values from the idealized trimethylsilyl derivatives from halloysite. H and C content in the product are in good agreement with the one calculated from the formula in which three hydrogens out of 10 in silanol groups were substituted by trimethylsilyl groups. Aluminon tests on the product indicate the presence of a trace amount of A1. From the results described above, it is suggested that the trimethylsilylated product has a layer structure retaining a Si2Q tetrahedral framework. The schematic representation is illustrated in Figure 3 . Figure 4 gives the micro-DTA curves of (a) halloysite and (b) the trimethylsilylated product. Figure 4(a) shows the typical pattern of the hydrated halloysite and the two endothermic peaks due to the dehydration of the interlayer water and hydroxyl groups, respectively.
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Figure 4(b) shows the absence of endothermic peaks and the presence of one exothermic peak at 490~ attributed to the oxidative decomposition or combustion of the trimethylsilyl groups. The temperature at the initiation of the exothermic peak was higher than that for common organic compounds. The oxidation of the trimethylsilyl groups may be hindered due to the inhibition of diffusion by collapse of the layerlike organo-silicate structure. The infrared spectrum of the product heated up to 600~ by DTA showed no organic groups and it was found to be silica.
The same experimental procedure used for halloysite was applied to a standard sample of kaolinite (API No.
2). The product was analyzed by means of X-ray powder diffraction and infrared spectroscopy and the results indicated that no organic derivative was formed from kaolinite by this treatment. The difference between halloysite and kaolinite in reactivity for trimethylsilylation may be due to the fact that hydrochloric Temperature I *C Fig. 4 . Micrn-DTA curves of (a) halloysite and (b) the trimethylsilylated product.
acid can penetrate into the layer structure of halloysite and attack the octahedral layer. These results (the inertness of kaolinite) agree with the investigation by Currell et al. (1974) , who surveyed the possibility of the trimethylsilylation of various types of silicate minerals. Although the detailed reaction mechanism of the trimethylsilylation of halloysite has not been offered, the overall reaction may be postulated as follows:
(1) The attack on halloysite by hydrochloric acid is initiated in the interlayer region.
(2) The octahedral layers are decomposed and labile tetrahedral layers, having silanol groups on one side, are generated.
(3) The silanol groups in the tetrahedral layers are partly trimethylsilylated by trimethylsilanol or trimethylchlorosilane formed by the reaction of hexamethyldisiloxane and hydrochloric acid. R6sum6-Le d6rivatif trim6thylsilyl de l'halloysite a 6t6 pr@par6 par r6-action de poudre d'halloysite avec un agent r~actif trim~thylsilylatant. Le produit ~tait organophyllique et les r~sultats obtenus de son spectre infrarouge,des diagrammes de diffraction aux rayons-X,et de l'analyse de l'~16ment ont indiqu~ que la trim~thylsilylation s'est pass~e sur des groupes silanol dans les feuillets t~tra~driques de l'halloysite apr%s la d~-composition acide du feuillet octa6drique. La stabilit~ thermale du produit a 6t~ @valu@e au moyen d'une analyse thermique diff~rentielle.Le d@riva-tif organique de kaolinite par le m~me proc~d~ n'a pas pu ~tre obtenu. Ii semble que la difference de r~activit~ entre l'halloysite et la kaolinite est attribuable ~ une difference de susceptiblit~ des min6reaux argileux l'attaque acide.
